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ABSTRACT 
DNA's from diverse cells of different species  and  from diverse tissues give the 
same x-ray diffraction pattern.  The presently  observable structure  of DNA ap- 
pears,  then, to be the same in all cells. Thus, DNA in the resting state--the stored 
genetic material, from sperm of Paracentrotus lividus, Arbacia llxula,  and salmon 
and from T2 and "I'T  bacteriophage--gives a pattern indistinguishable from DNA 
from very rapidly dividing cells,  e.g., human  acute leukemic leukocytes,  human 
leukemic myeloid cells,  mouse sarcoma  180, and  bacteria--E,  coli and pneumo- 
cocci--during their  logarithmic growth.  The  same x-ray patterns  are  given by 
DNA's from more slowly dividing tissues,  e.g. calf liver, calf thymus,  and human 
normal and leukemic lymphatic tissue.  DNA from chicken erythrocytes--a DNA 
presumably  metabolically  inert--gives  a  similar  picture.  DNA's  from  several 
sources with a wide range in nitrogen base ratios, prepared independently by differ- 
ent workers using various methods,  have given final  products  in  varying yield; 
these all gave the same x-ray pattern,  suggesting that  all DNA is in the double- 
helical configuration.  Finally, separation of the DNA molecule into a number of 
fractions  with  a  varying adenine  +  thymine:guanine  +  cytosine ratio,  but  a 
constant adenine:thymine and guanine:cytosine ratio, each giving the same x-ray 
pattern  as  the original whole molecule,  suggests that  DNA cannot  exist in  sig- 
nificant amounts in forms other than the double-helix. 
X-ray diffraction photographs of sperm heads,  extracted nucleoprotamine, calf 
thymus nuclei and extracted nucleohistone, and of chicken erythrocyte nuclei,  are 
not all as well defined as those given by extracted DNA, but it is clear from the gen- 
eral characteristics of the pattern that much of the DNA bound to protein in these 
nuclei has the usual helical configuration, and that the double-helical structure of 
DNA exists in the cell and is not an artifact. 
Much recent evidence (1-3) supports the correct- 
ness  of  the  2-chain  helical  structure  for  deoxy- 
ribonucleic acid  (DNA)  (4-6).  The  structure  has 
been  accurately  determined--a  prerequisite  to 
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understanding  how  DNA  acts  in  heredity.  The 
early and somewhat surprising result of the identity 
of  the  x-ray pattern  given by  DNA  from  a  wide 
variety of species  (5)  was an  important  considera- 
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tion  in  the  initial proposal  for  the  structure  of 
DNA.  This  identity  of  x-ray  pattern  has  been 
emphasized  (2,  7).  Nevertheless, there are confu- 
sions in the literature: among others, whether this 
structure is correct only for DNA obtained from 
calf  thymus (8); whether x-ray studies have been 
made on DNA's other than those prepared  from 
"mature ceils"  or from  "cells--with a  migratory 
mission, sperm or phage"  (9); and whether x-ray 
studies have been carried out on only a small part 
of the total DNA (10). 
For  this  reason,  we  will  describe  results  that 
show DNA to be always in the double-helical con- 
figuration whatever the type or state of activity of 
the cell from which it is extracted. These studies of 
the x-ray diffraction patterns of DNA's extracted 
from diverse cells with different biological activity 
were  originally undertaken to  see  whether  x-ray 
diffraction  would  reveal  any  difference  between 
the DNA's of these cells. 
The double-helix molecules in fibres of DNA can 
exist  in  a  number of  configurations. The  x-ray 
diffraction photograph obtained from the sodium 
salt of DNA (Na DNA) in the A configuration at 
75  per  cent  relative  humidity consists of  many 
sharply  defined  spots.  These  can  be  measured 
accurately and have been used for crystallographic 
analysis (2, 11, 12), but we are concerned here with 
their use as fingerprints, taking advantage of the 
highly  characteristic pattern  to  compare  DNA's 
from different sources.  For this purpose, the pat- 
tern given by the A configuration (Fig. 1) is more 
useful than that given by the B configuration (Fig. 
3)  of Na DNA  (obtained at 92 per cent relative 
humidity) because in the A pattern there are more 
spots and they are better defined than in the diffuse 
B  pattern.  The  lithium salt of  DNA  (Li DNA) 
yields a  sharp crystalline pattern when the mole- 
cules  are  in  the  B  configuration at  66  per  cent 
relative humidity (2). 
It  has  been  found  that  the  x-ray  diffraction 
pictures of  the  A  configuration of  DNA's  from 
widely  different  sources  (all  those  in Table  II 
except  T2 bacteriophage and avian tubercle)  are 
the same. This appears to be true also for  the B 
configuration since  the  patterns  from  Li  DNA 
from  salmon  sperm,  calf  thymus,  and  normal 
human leukocytes are the same. This means two 
things: the structure of DNA is basically the same 
in all ceils; the molecules of different DNA's in the 
solid  state  arrange  themselves in  the  same  way 
relative to one another. 
Discussion  of the X-ray Diffraction  Photographs: 
In a  DNA fibre the configuration of the mole- 
cules  and  the  packing  of  the  molecules  in  the 
crystallites are defined by the position and intensi- 
ties of the spots in the pattern. In various figures, 
e.g., in the 4 quadrants in Fig. 1, the position and 
intensity of the spots are the same although there 
are differences  between the photographs. Some of 
these  differences  arise  from  differences  of  x-ray 
technique. We sometimes wished,  for  example, to 
obtain an x-ray photograph after a short exposure 
time. For this we used a  large specimen of DNA 
and a  poorly  collimated x-ray beam; both  these 
factors  made  the  spots  larger.  On  occasion,  we 
chose a photographic film whose grains were com- 
parable in size with the detail in the pattern; as a 
result the picture was  rather grainy (e.g. Fig. 2). 
Other differences in the photographs depend on the 
following  properties of  the  DNA  fibres:  (a)  The 
crystallites in the fibres are always somewhat dis- 
oriented; as a  result the spots in the pattern arc 
drawn into arcs of circles with centre at the centre 
of the pattern and the lengths of the arcs are pro- 
portional  to  the  angle  of  disorientation  of  the 
crystallites. (b) A fibre of Na DNA that contains 
molecules in the A configuration may also contain 
a small fraction of molecules in the B configurati(m. 
When this is so, a faint semicrystalline  B pattern is 
superimposed on the A pattern and the presence of 
B pattern is shown mainly by an increase of intens- 
ity of the innermost spot on the equator and the 
appearance of a diffuse meridional arc near the 8th 
layer line (e.g. Fig. 2 a).  (c)  The packing of  the 
molecules in the crystallites is not perfectly regular. 
If the irregularity is greater than usual the spots 
are not very clearly defined in the outer regions of 
the pattern (compare Figs. 1 b and d). 
The differences described in (a), (b), and (c) show 
no tendency to correlate with the source of DNA 
except,  as  one  would  expect,  that  more  clearly 
defined  x-ray  photographs  tend  to  be  obtained 
from DNA prepared  from sources  more likely to 
yield pure undenatured DNA.  The best DNA is 
generally obtained from sources  which (a)  contain 
a  large  proportion  of  DNA  and  relatively  less 
ribosenucleic acid; (b) in which the DNA is bound 
by salt linkage to simpler proteins; and  (c)  from 
those  tissues  likely  to  contain less  DNase  than 
others. For these reasons, DNA from calf thymus, 
chicken erythrocytes,  and salmon sperm  is likely 
to  be  better than DNA  from  liver and tubercle 
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One can give only a rough estimate of how much 
of the DNA in a fibre is in a microcrystalline form. 
The amount is probably more than one-half for the 
best preparations and might, for poorer specimens, 
e.g. Fig. 1 d, he only a quarter. 
"Stored" DNA from Sperm and Phage: 
DNA has been extracted from sperm of the sea 
urchins Paracentrotus  lividus,  Arbacia  lixula,  and 
from  salmon, and from T2,  T4,  and T~  bacterio- 
phage. In both sperm and bacteriophage, DNA is 
stored  genetic  material--presumably genetically 
inactive but ready to function when the ovum is 
fertilised or the bacterium infected. The sperm of 
salmon and the  sea  urchins Paracentrotus  lividus 
and Arbacia  lixula  have heads  that  consist very 
largely of DNA combined with basic protein and 
account for a  large fraction (probably more than 
half)  of  the mass of the cell.  The middle-piece is 
smaller and  of  cytoplasmic origin and,  together 
with the head, forms a compact body to which the 
long thin tail is attached. Fig. 2 shows the A type 
x-ray diffraction pattern given by Na DNA from 
Paracentrotus  and Arbacia sperm. 
At 92 per cent relative humidity the molecules 
of DNA in the fibre go  into the  B  configuration 
shown in Fig. 3 a  for calf  thymus. Na DNA from 
T2 phage is exceptional and has not formed an A 
type of structure, but has remained in the B con- 
figuration  (Fig. 3 b) at 75 percent relative humidity 
at which the A structure is usually expected.  It is 
probable  that  the  glucose  attached  to  hydroxy- 
methyl-cystosine (13) in this DNA interferes with 
the ability of the DNA molecules to arrange them- 
selves  in the A  configuration. But unsatisfactory 
preparation could also have this effect. 
The diffraction pattern of crystalline Li DNA 
prepared  from salmon sperm and with the mole- 
cules in the B configuration at 66 per cent relative 
humidity is shown in Fig. 4. 
Sperm heads and extracted nucleoprotamine  give 
x-ray diffraction patterns resembling those given 
by extracted DNA in the B configuration (1, 5, 14). 
This  shows  that  the  double-helical structure  of 
DNA exists  in the  cell  and is  not an artifact of 
extraction. 
DNA from Somatic  Cells  and from  Cells  in which 
DNA  may be Genetically  Active 
A.  DNA from Rapidly Dividing Cells: 
DNA's  have  been prepared  from  a  variety of 
types  of  human acute  leukemic leukocytes from 
different patients. These leukemic leukocytes are 
undifferentiated  cells  similar  morphologically  to 
the more primitive developing leukocytes usually 
confined to  the  bone marrow;  they  have  a  high 
rate of DNA turnover and protein synthesis. The 
x-ray pattern obtained from DNA prepared from 
acute  myeloblastic leukemic leukocytes  is shown 
in Fig. 5 b. The same pattern is given by DNA's 
from  leukocytes of  different patients with  acute 
leukemia  (acute  stern  cell  (undifferentiated) and 
acute  monocytic),  from  leukocytes  of  chronic 
myeloid (Fig. 5 c) and chronic lymphatic leukemia 
(Fig. 5 d) and more importantly  from normal leuko- 
cytes (Fig. 6 a)  pooled from the buffy coats of  50 
donors, consisting of a  mixture approximately 2~ 
polymorphs and ~  lymphocytes. 
DNA  (Fig.  1  c)  was  extracted  from  Crocker 
mouse  sarcoma  180,  a  transplantable mouse  tu- 
mour grown in Swiss-Webster mice. It is a rapidly 
growing tumour with a high DNA turnover and a 
rapid  protein  synthesis  (15).  Use  of  necrotic 
specimens was  avoided.  The  histological appear- 
ance of this tumour is shown in Fig. 8; a number 
of cells are in mitosis. 
DNA was prepared from mouse embryos shortly 
before term. DNA from this heterogeneous source, 
containing all varieties of  rapidly dividing cells: 
gave the same A  pattern (Fig.  1 d) as that given 
by DNA's from  single sources such as  liver and 
spleen of adult mice. Thus, we have examples in 
man and mouse of DNA prepared from malignant 
turnouts that give the same x-ray photograph as 
DNA's from normal tissues. The basic structure of 
DNA is the same, then, in cancer and normal cells. 
There still remain, however, many possibilities of 
differences:  e.g.,  different  nucleotide  sequence 
between various DNA molecules which cannot be 
studied with present methods. 
DNA has also been prepared  from Escherichia 
coli (Fig. 2 d) and pneumococci (Fig. 2 c) harvested 
during their  most  rapid  growth  (log  phase)  and 
also after most growth has ceased.  The x-ray pat- 
terns are  the  same and  this  suggests  that  DNA 
maintains the same configuration in cells whatever 
their stage of growth. Only a small fraction of the 
DNA  molecules  will  be  engaged  in  the  actual 
process  of  duplication  and  hence  we  have  no 
information on  the  structure  during the  process 
itself.  The DNA prepared from a mutant of Type 
III  Pneumococcus  had  the  ability  to  transfer 
streptomycin--and  canavanine--resistance  (16). 
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fibres  in 70 per  cent ethanol and stored  without 
loss of activity. The state of hydration of DNA in 
70 per cent ethanol is about the same as in fibres of 
DNA at  92  per  cent relative humidity, and the 
x-ray photograph shows that the molecule is in the 
B configuration. This further indicates that DNA, 
retaining biological activity, is also in the double- 
helical configuration and, again, that the extracted 
DNA is not an artifact. 
The DNA from avian tubercle bacilli (Fig.  6 b) 
is of special interest: the A  +  T:G +  C ratio-- 
0.42--is extreme. Molecular models show  that no 
part of a nitrogen base of one molecule will touch 
a neighbouring molecule in the A structure; hence, 
it  is not surprising that  the relative positions of 
the  molecules  to  each  other  are,  within  limits, 
unaffected by the proportions of the bases.  How- 
ever,  the  molecules approach  each  other  closely, 
and  in the DNA from  avian tubercle bacilli, al- 
though the structure of each DNA molecule itself 
has the same double-helical configuration as DNA 
from other sources,  there is a  clear,  though small 
difference in the arrangement of the molecules with 
respect to one another. 
B.  DNA from Slowly Dividing  Cells: 
Most  preparations  of  DNA  have  been  made 
from calf thymus tissue because it is readily avail- 
able and is a rich source. The thymus gland, present 
in the young growing animal, usually atrophies in 
adult life; its function is unknown. Many workers 
studying DNA from calf thymus are probably not 
aware  of  the  inhomogeneity of  this  tissue,  com- 
posed as it is of an intimate mixture of scattered 
epithelial cells and of dumps of these cells arranged 
in Hassall's corpuscles  (Fig.  8).  There are  many 
lymphocytes  amid  reticulum  cells  and  fibres. 
Most of the cells look like small mature lympho- 
cytes.  The  metabolism of  the  thymus resembles 
lymphatic tissue, but the rate of DNA turnover in 
thymus is  considerably higher  than that  of lym- 
phatic  tissue  (17),  and  protein  synthesis  is  also 
considerable. Lymphocyte production by thymus 
is  small,  if  any,  and  the  thymus  has  no  germ 
centres. Fig. 1 b and Fig. 4 b show the A and B type 
x-ray  pattern  obtained,  respectively,  from  Na 
DNA and Li DNA from calf thymus. 
Diffraction photographs  of  calf  thymus nuclei 
and extracted nucleohistone are not so well defined 
as those given by extracted DNA, but it is clear 
from the general characteristics of the pattern that 
much of the DNA bound to protein in these nuclei 
has the usual helical configuration (14). 
DNA's have been prepared from leukocytes of 
patients  with  chronic  lymphatic  leukemia.  In 
most of  these patients the predominant cell  was 
the  small,  round,  mature  lymphocyte.  This  cell 
has a slow DNA turnover, an active RNA turnover 
(18, 19), and comes from a tissue with a moderate 
rate of protein synthesis (20). The x-ray pattern is 
of the usual A form (Fig. 5 d). 
Liver is  a  tissue which  has  a  relatively slight 
DNA turnover (21) and considerable protein syn- 
thesis  (22).  It is  also heterogeneous although by 
far the greater part consists of the parenchymatous 
cells. Liver also has reticulum cells with relatively 
high mitotic activity which line sinusoids, and also 
blood  vessels,  and  bile ducts.  The  A  pattern  of 
DNA from liver is in Fig. 1 a. 
DNA from Non-Dividing Cells: 
DNA has been prepared from chicken erythro- 
cytes  (Fig. 5  a).  The function of  DNA  in  these 
cells is obscure since it is presumably metabolically 
inert, and since mature mammalian erythrocytes 
function efficiently without nuclei. X-ray diffrac- 
tion  photographs  of  chicken  erythrocyte  nuclei 
resemble those of calf thymus nuclei (14). 
Fractionation of DNA: 
Calf thymus DNA prepared by the method of 
Kay, Simmons, and Dounce (23) and with residual 
protein  removed  by  the  Sevag  procedure,  was 
fractionated on a column consisting of a fraction of 
calf thymus histone coupled to cellulose  (24, 25). 
Most of the DNA, eluted from the column between 
0.55  •  NaCl  and  1.0 M NaC1,  was  collected  in 
five fractions I  to V at increasing salt concentra- 
tions. The nitrogen base analysis of these fractions 
is shown in Table I. 
It can  be seen in  Table I  and  Fig.  7 that  al- 
though  the  ratio of  adenine  +  thymine:guanine 
+  cytosine ranged from 0.93 in fraction I  to  1.96 
in  fraction  V,  the  diffraction patterns  obtained 
from fractions I, II, IV, and V were no different. 
Despite thiswide range in A +  T:G +  C ratio, the 
number of  adenine groups  in  each  fraction  was 
always  equal  to  the  number of  thymine groups, 
and the number of guanine equal to the number of 
cytosine groups. Separation of the DNA molecule 
into a  number of  fractions with a  varying A  + 
T:G +  C ratio but a constant A:T and G:C ratio, 
each giving the same x-ray pattern as the original 
whole molecule (see Fig. 7 and Fig. 1 b), suggests 
it is unlikely that DNA exists to any large extent 
in forms other than the double-helix. HAMILTON  ET  AL.  401 
TABLE  I 
Fraction No. 
Adenine 
Thymine 
Guanine 
Cytosine 
A+T 
G+C 
A+G 
T+C 
1 
23.9 
24.3 
26.2 
25.6 
0.93 
1.01 
II  _  III 
25.8  I 28.6 
27.4  29.3 
23.1  19.7 
23.7  22.4 
1.14  1.37 
0.95  0.94 
IV  v 
30.9  33,8 
30.2  32.4 
19.3  16.2 
19.6  17.6 
1.57  1.96 
1.01  1.00 
Preparation  of DNA's by a Variety of Methods: 
Table II  summarizes the sources of DNA  from 
which, with one exception,  the Na salt at  75 per 
cent relative humidity has given an A  configura- 
tion diffraction picture. It also lists the data on the 
approximate molar ratio of adenine  +  thymine: 
guanine  +  cytosine,  the  workers  who  prepared 
the  DNA's,  and  the  methods  used.  There  is  a 
wide range in the base ratios of the DNA's. DNA's 
from  several  sources  have  been  prepared  inde- 
pendently  by  different  workers  using  various 
methods, including extraction with strong salt and 
deproteinization  by  saturated  sodium  chloride 
solution (26, 27), dcproteinization with chloroform 
(28,  29),  extraction with water and separation of 
DNA from nucleohistone (30), use of anionic deter- 
TABLE  II 
Source of DNA 
Mb.  tuberculosis,  avian 
E.  coil  (log phase) 
Fig, No, 
....  (resting) 
T7 bacteriophage 
Mouse: Sarcoma  180 
"  Liver 
"  Spleen 
"  Embryo 
Calf: Liver 
Fowl: Erythrocytes 
Calf: Thymus 
Human spleen 
"  normal Ieukocytes 
"  acute leukemic leukocytes 
"  chronic myeloid leukemic 
leukocytes 
Human chronic lymphatic leu- 
kemic leukocytes 
Salmon sperm 
Pneumococcus Type III (resting) 
"  "  "  (log 
phase) 
Arbacia  llxula  sperm 
T2 bacteriophage 
Paracenlrotus  lividus  sperm 
2a 
lb 
and 5 
6a 
2b 
2c 
2d 
4 
3c 
2b 
3 
2a 
Approximate 
molar ratio 
A+T 
G+C 
0.42 
1.00 
1.1 
1.24 
1.25 
1.37 
1.29 
1.38 
1.36 
1.42 
1.55 
I. ~,~ 
I. 59 
1.61 
1.84 
1.85 
Prepared  by 
G. L. Brown 
N.  S.  Simmons 
A.  V.  W. Brown 
R. K.  Barclay 
L. D.  Hamilton 
K.S. 
N.S. 
Kirby 
Simmons 
L.  D.  Hamilton 
R. K.  Barclay 
R.  Signer 
N.  S.  Simmons 
R.  Vendrely 
L.  D.  Hamilton 
R.  K.  Barclay and 
L.  D.  Hamilton 
L. D. Hamilton 
L.  D.  Hamilton 
H.  Ephrussi- 
Taylor 
N.  S.  Simmons 
G. L. Brown 
A.  V.  W.  Brown 
N.  S.  Simmons 
G. L. Brown 
Methods 
Extraction 2.5 ~  NaC1.  Sevag procedure.  Precipita- 
tion alcohol-CaCl2,  RNase.  Dialysis 1 M NaCl. 
Lysis sodium dodecyl sulfate  (SDS).  Deproteinized 
pit 4 sodium xylene sulfonate (SXS). RNA removed 
by fractional precipitation isopropyl alcohol. 
Sevag procedure. 
Deproteinized modified SDS. 
"  "  "  RNase. 
..... '  Also  modified  10  per 
cent SXS. RNase. 
Modified 10 per cent SXS.  RNase. 
Extraction phenol and salts. 
Dissociation nucleoprotein 30 per cent SXS. 
Deproteinization 10 per cent SXS pH 4 or 7. 
Modified 10 per cent SXS. 
"  SDS. Also 10 per cent SXS. RNase. 
"  extraction nucleohistone water. 2.5 :~ NaCl. 
Deproteinized saturated NaCI. 
As fowl erythrocytes. 
Deproteinized SDS. 
As calf thymus. 
Modified SDS.  Modified 10 per cent SDS.  RNase. 
As calf  thymus. 
Lysis sodium desoxycholate.  Sevag procedure.  Pre- 
cipitation alcohol-MgC12. 
As E.  coli. 
Extraction 3 ~t NaC1.  Sevag procedure. 
Osmotic shock.  Sevag procedure. 
As E.  coil. 
Extraction 3 ~  NaC1.  Sevag procedure. 402  STRUCTURE OF DNA 
gents,  sodium  dodecyl  sulfate  (23),  and  sodium 
xylene  sulfonate  (31),  extraction  with  phenol 
salts  (32),  and  varying modifications  of  all these 
procedures.  DNA's prepared  from calf thymus by 
five  independent  workers  using  seven  different 
procedures  all gave A  patterns.  Furthermore,  on 
the  assumption  that  the  DNA  content  of  fresh 
calf  thymus  is  approximately  2.8  per  cent  (33), 
one  method  of preparation  has  yielded  90  to  100 
per  cent  recovery  of  DNA,  another  usually  well 
over 80 per cent,  and  another  tends  to give 35  to 
55 per cent; all preparations give an A x-ray diffrac- 
tion pattern.  Similarly, chance variation in proce- 
dures has produced as much as a  20-fold range in 
yield of DNA from identical amounts of the same 
human  leukemic leukocytes. There is no reason  to 
think  that  the loss of DNA in these preparations 
was  in any  way  selective. The  fact  that  the final 
product of such varying yields all gave A patterns 
suggests that  all the DNA is in the double-helical 
configuration. 
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FIG.  1.  Comparison  of the x-ray diffraction photographs of crystalline Na  DNA's with the molecules in the  A 
configuration at 75 per cent relative humidity from (a) calf liver; (b) calf thymus;  (c) mouse sarcoma 180; (d) mouse 
embryo. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 176 
VOL. 5 
(Hamilton et al.: Structure of DNA) PLATE 177 
FI6. 2.  X-ray diffraction photographs of Na DNA's in the A configuration at 75 per cent relative humidity from 
(a)  Paracentrotus  lividus  sperm;  (b)  Arbacia  llxula  sperm;  (c)  Pneumococcus Type  III  transforming principle; 
(d)  E. cote. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 17 7 
VOL. 5 
(Hamilton et al.: Structure of DNA) PLATE 178 
FIO. 3.  Comparison of the x-ray diffraction photographs of Na DNA with the molecules in the B configuration 
from (a) calf thymus at 92 per cent relative humidity, and (b) T2 bacteriophage at 75 per cent relative humidity. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 178 
VOL. 5 
(Hamilton et aL: Structure of DNA) PLATE 179 
FIG. 4.  Comparison of the x-ray diffraction photographs of crystalline Li DNA from (a) salmon sperm, and (b) 
calf thymus with the molecules in the B configuration at 66 per cent relative humidity. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 179 
VOL. 5 
(Hamilton et al.: Structure of DNA) PLATE 180 
FIG. 5.  X-ray diffraction photographs of Na DNA's in the A  configuration at 75 per cent relative humidity from 
(a) chicken erythrocytes; (b) human acute leukemic leukocytes;  (c) human chronic myeloid leukemic leukocytes; 
(d) human chronic lymphatic leukemic leukocytes. Figs. (b) and (c) show a ring due to celite impurity in the DNA. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 180 
VOL. 5 
(Hamilton et al.: Structure of DNA) PLATE  181 
Fro.  6.  Comparison of the x-ray diffraction photographs of crystalline Na DNA with the molecules in the A 
configuration at 75 per cent relative humidity from (a) human leukocytes (normal polymorphs and lymphocytes) ; 
(b) avian tubercle. The pattern shows some difference from that usually associated with the A configuration of the 
DNA molecule; for example, the central spots do not occur in small groups, but appear singly. (c) T7 bacteriophage. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 181 
VOL. 5 
(Hamilton et al.: Structure of DNA) FIG.  7.  X-ray diffraction photographs of  Nn DN;\'s  in the -4 configuration at 75 per cent relatiw humidity from 
four fractions of  calf thymus DNA. (a) Fraction I;  (b) Fraction IT; (6)  Fraction IV; (d) Fraction V. THE  JOURNAL OF 
B~PHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 182 
VOL. 5 
(Hamilton et al.: Structure of DNA) PLATE 183 
FIG. 8.  (a) Mouse sarcoma 180 showing turnout cells with but slight variation in general appearance but with 
many cells in mitosis. X 400. (b) Calf thymus showing thymocytes or lymphocytes concentrated on right and retic- 
ular and epithelial cells in cortex on left. X  200. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 183 
VOL. 5 
(Hamilton et al.: Structure of DNA) 